Menaquinones were the only isoprenoid quinones found in 48 corynebacteria and actinomycete strains examined. Dihydromenaquinones having nine isoprene units were the main components isolated from Gordona, Mycobacterium, Corynebacterium bovis, Corynebacterium glutamicum and a strain labelled Nocardia farcinica, but dihydromenaquinones having eight isoprene units were characteristic of other Corynebacterium species and representatives of the ' rhodochrous' complex. Tetrahydromenaquinones having six and eight isoprene units were found in Nocardia strains and in a single strain of Micropolyspora brevicatena, which also contained mycolic acids similar in chain length to those of Nocardia. Menaquinones having nine isoprene units with from one to five double bonds hydrogenated were the main Components in Actinomadura madurae, Actinomadura pelletieri, Micropolyspora faeni, Oerskovia turbata and Streptomyces strains. Actinomadura dassonvillei strains had a characteristic pattern of di-, tetra-and hexahydromenaquinones with 10 isoprene units which was slightly different from the pattern in mixtures of similar quinones from Actinomyces israelii and A c t inom y ces viscosus .
INTRODUCTION
The results of lipid analyses have clarified the classification of nocardioform and related bacteria (Lechevalier, 1976 ; Minnikin & Goodfellow, I 976) . The most productive studies have involved analyses of mycolic acids (Lechevalier, Horan & Lechevalier, 1971 ; Maurice, Vacheron & Michel, 1971; Azuma et al., 1974; Alshamaony, Goodfellow & Minnikin, 1976a; Alshamaony et al., 19763) and polar lipids (Khuller & Brennan, 1972; Pommier & Michel, 1973; Komura et al., 1975) .
Isoprenoid qujnones are widely distributed in bacteria (Thomson, I 971) but systematic studies on their occurrence in actinomycetes and related taxa have not been carried out. The most common types of isoprenoid quinones are menaquinones (I) and ubiquinones (10. Menaquinones, 2-methyl-3-polyprenyl-I ,4-naphthoquinones (I), show variations in the length and degree of unsaturation of the polyprenyl chain (Thomson, IgTI) , and in quinones isolated from Streptococcus faecalis (Baum & Doliii, I 965) and Haemophilus parainjluenzae (Lester, White & Smith, 1964 ) the methyl group in the 2-position is absent. Ubiquinones, 2,3-dimethoxy-5-methyl-6-polyprenyl-I ,4-benzoquinones (11), also show variations in the polyprenyl chain, and in ' rhodoquinone ', isolated from Rhodospirillum rubrum, the methoxyl group in the 3-position is replaced by an amino group (Thomson, 1971 night. Organisms were then removed by filtration and the extract was evaporated to dryness under reduced pressure at low temperature (< 37 "C). Analytical thin-layer chromatography of quinones was performed using 0.5 mm layers of Merck Kiesel-gel HF,,, and a developing solvent consisting of petroleum ether (b.p. 60 to 80 "C)/diethyl ether (85: 15, v/v). In this system menaquinones migrate much faster (Rp N 0.7) than ubiquinones (Rp -0.4); vitamin K, (Sigma) and ubiquinone-50 (BDH) were used as chromatographic standards. Menaquinones were routinely detected on thin-layer chromatograms by brief irradiation with short-wave ultraviolet light (254 nm). Menaquinones were isolated from extracts by 
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preparative thin-layer chromatography ; chloroform was used to elute the quinone from the silica gel. Analysis of menaquinones. Ultraviolet spectra of menaquinones were recorded in hexane solution. Mass spectra of menaquinones were recorded on an AEI MS9 instrument using a direct insertion probe, an ionizing voltage of 70 eV and a temperature range of 200 to 230 "C.
Analysis of mycolic acids. Whole organisms (100 mg) of the Micropolyspora strains were degraded by acid methanolysis as described previously (Minnikin, Alshamaony & Goodfellow, I 975). Methyl esters of mycolic acids were detected and purified using the chromatographic system described above. Conditions for the analysis of mycolic esters by mass spectroscopy were the same as for the menaquinone samples.
Partial mass spectra of the menaquinones from all the strains (Table I) 
RESULTS
Components that co-chromatographed with vitamin K1 were the only isoprenoid quinones detected by thin-layer chromatography in extracts of the strains studied (Table I) . After isolation by preparative thin-layer chromatography, representative samples were examined by ultraviolet spectroscopy and found to have absorption maxima at 242, 248, 260,270 and 325 nm in accordance with published data for menaquinones (I) .
The mass spectra of the menaquinone samples showed, as expected from published data (Azerad & Cyrot-Pelletier, 1973) , intense peaks at m/e 187 and 225 derived from the naphthoquinone nucleus and strong peaks corresponding to molecular ions (M+). All mass spectra contained small peaks corresponding to loss of a methyl group from molecular ions (M+-15) and occasionally peaks of low intensity were seen at M++ 16. The latter may be due to partial oxidation of the sample during its preparation for mass spectrometry; epoxides have been detected as minor components, possibly artefacts, in ubiquinone samples (Friis, Daves & Folkers, 1967) . These minor peaks do not, however, interfere with the analysis of menaquinones by mass spectrometry provided they are not mistaken for molecular ions. The results of the mass spectral analyses of the menaquinones isolated from the test strains are shown in Tables 2 to 5.
The predominant menaquinone found in the majority of the Corynebacterium strains and representatives of the ' rhodochrous ' complex (Goodfellow, I 971) was MK-8(HJ (Table 2) . However, Corynebacterium bovis and C. glutarnicum strains had MK-9(H2) as the main menaquinone component, as did representatives of Gordona, Mycobacterium and Nocardia farcinica ~3 4 ( Table 3 ). The mass spectra of the menaquinones from other Nocardia strains and Micropolyspora brevicatena G I~ (Table 4) contained predominant peaks at m/e 720 corresponding to tetrahydromenaquinones MK-8(H4). Small peaks were found for MK-7 components at m/e 652 but larger peaks attributable to MK-6(H4) were seen at m/e 584. Small unexplained peaks were observed at m/e 596, 12 mass units higher than the major peaks at m/e 584. Thin-layer chromatographic analysis of a whole-organism methanolysate of Micro. brevicatena G I~ revealed a component migrating in a similar manner to methyl esters of mycolic acids isolated from Nocardia (Minnikin et al., 1975) . Mass spectroscopic analysis of this component gave a series of peaks from m/e 682 to 814 attributable to anhydromycolic esters Menaquinones of actinomycetes and corynebacteria 
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corresponding to mycolic acids having from 46 to 56 carbon atoms (Alshamaony et al., 1976a). In contrast, the Micro. faeni strain did not contain mycolic acids. A variety of menaquinone patterns were found in actinomycete strains which lack mycolic acids ( Table 5) . The streptomycetes had MK-9(H6) as the main component but MK-9(H4) and MK-9(H8) occurred in comparable proportions. Related menaquinone patterns (Table 5) were found for representatives of Micro. faeni, Actinomadura madurae and Actinomadura pelletieri but the proportions of MK-9 components were different. In Actinomyces Goodfellow, 1g73) , Oerskovia and the ' rhodochrous' complex form distinct taxa of equivalent rank (Goodfellow, 1971 ; Holmberg & Nord, 1975 ; Bousfield & Goodfellow, I 976). Since the distribution of character frequencies is strongly U-shaped for homogeneous groups (Sneath, 1976) , chemical markers can be expected to be of value in classification of these taxa. The present preliminary studies suggest that menaquinone analyses can provide goad characters for the classification of actinomycete and related taxa.
C O L L I N S A N D OTHERS
The menaquinones of organisms with a wall chemotype IV (Lechavalier, 1976) which also contain mycolic acids fell into three distinct patterns (Tables 2, 3 and 4) . In particular, menaquinone analyses distinguished Nocardid sensu stricto and Micro. brevicatena which contained a mixture of tetrahydromenaquinones with six and eight isoprene units from Corynebacterium, Gordona, Mycobacterium and the ' rhodochrous ' complex. Further evidence for a close relationship between Nocardia and Micro. brevicatena was indicated by the mycolic acids of the latter which were similar (46 to 56 carbon atoms) to those found in Nocardia sensu stricto (Alshamaony et al., 1 9 7 6~; Minnikin ). In contrast, Micro. faeni G I did not contain mycolic acids and had a menaquinone composition similar to streptomycetes and some actinomadurae. These chemical data therefore suggest that the genus Micropolyspora is heterogeneous and is in need of further study.
The recovery of dihydromenaquinones with nine isoprene units from mycobacteria was consistent with earlier reports and the presence of similar menaquinones in Nocardia farcinica ~3 4
was not unexpected as it has other mycobacterial properties (Lechevalier, 1976) . Magnusson (1976) has proposed that N. farcinica ~3 4 , and similar strains, be reclassified as Mycobacterium farcinogenes var. senegalense Chamoiseau 1973. Our data cast doubt on the classification of a strain labelled Mycobacteriumflavum which was reported to contain a ubiquinone (Erickson, 1971 ). 
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Menaquinone composition also distinguished the animal corynebacteria and representatives of the ' rhodochrous ' complex (Goodfellow, IgTI), which contained a dihydromenaquinone with eight isoprene units, from mycobacteria and gordonae. Corynebacteriurn fascians c39 should not be classified with the corynebacteria but in the 'rhodochrous' complex . The significance of the occurrence of major amounts of MK-9(H2) in C. bovis and C. glutamicum must await comparative studies on more strains though a similar result has been recorded for a strain labelled Corynebacterium creatovorans . It may also be of interest that a strain labelled Brevibacterium thiogenitalis (Okazaki, Kanzaki & Fukuda, I 968), which contained mycolic acid and produced glutamic acid, had MK-9(H2) as the major menaquinone component (Kanzaki et d.,
The relationship between the 'rhodochrous' complex and the genus Gordona is a complex one (Bousfield & Goodfellow, 1976; Tsukamura, 1975) and it has recently been proposed that they be merged to form the resurrected genus Rhodococcus containing 10 species (Goodfellow & Alderson, I 977). Our preliminary findings suggest that menaquinone analyses will provide good characters for the classification of rhodococci.
The menaquinone composition of streptomycetes is in accord with previous studies ) and closely related patterns of MK-9 components were also found in Actinomadura madurae, Actinomadura pelletieri and Micro. faeni strains. The different pattern of partially hydrogenated MK-ro components found in Actinomadura dassonvillei strains supports the previous distinction of this species from the other two Actinomadura taxa on the basis of spore morphology Williams et al., 1976) , and content of madurose (Lechevalier & Gerber, 1970 )~ fatty acid (Agre, Efimova & Guzeva, 1975) and pigment (Lechevalier, Lechevalier & Gerber, 1971) . Actinomyces israelii and Actinomyces viscosus had a distinct pattern with MK-ro(H,) as the predominant component.
Cross & Goodfellow (1973) did not allocate Oerskovia to a family. In a subsequent numerical taxonomic study, Jones (I 975) found that the genus Oerskovia shared a higher affinity with coryneform bacteria than with actinomycetes. It was, therefore, interesting that Oerskovia turbata CI 10 had MK-g(H4) as the major component, a quinone previously found to be characteristic of the genus Propionibacterium (Schwartz, 1973 ; Sone, 1974) .
These preliminary analyses suggest that isoprenoid quinones may prove to be of value in the classification of actinomycetes and corynebacteria. However, a greater number of strains need to be studied and the present results, based entirely on mass and ultraviolet spectroscopy, should be substantiated by further detailed studies.
